Direct-acting oral anticoagulants (DOACs) have become available for the prevention of stroke in patients with atrial fibrillation (AF). Conflicting results have been published on the risk of acute myocardial infarction (AMI) with the use of DOACs in comparison with vitamin K antagonists (VKAs). The objective of the present study was to evaluate the risk of AMI in patients with AF who are exposed to either VKAs, DOACs or low-dose (< 325 mg) aspirin.
Introduction
Oral anticoagulant treatment with vitamin K antagonists (VKAs) has been the cornerstone for the prevention of stroke in patients with atrial fibrillation (AF) for decades. Since 2009, several new direct-acting oral anticoagulants (DOACs) have become available: a IIa inhibitor (dabigatran) and three Xa inhibitors (rivaroxaban, apixaban and edoxaban).
Large clinical trials [2] [3] [4] [5] and meta-analyses [6] [7] [8] have shown that these agents are either non-inferior or, for some outcomes, possibly superior to warfarin in the prevention of stroke and thromboembolic events in patients with AF.
There has been much debate about the effect of DOACs on acute myocardial infarction (AMI) among patients with AF. The risk of AMI was significantly increased among dabigatran users in the Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) trial [2] . However, post hoc analysis of revised data from the RE-LY trial did not confirm this finding [9] . Moreover, two meta-analyses of randomized non-inferiority trials concluded that the use of dabigatran [10] or DOACs [11] was associated with an increased risk of AMI, while other meta-analyses have not identified an increased risk for dabigatran [12] or DOACs [6, 13] . Recently, an increased risk of AMI in AF patients treated with the anti-lla DOAC, and not in patients treated with anti-Xa DOACs, was reported in a meta-analysis [14] . In a recent network meta-analysis, the odds found for AMI were worse with dabigatran when compared with VKA, rivaroxaban, apixaban and edoxaban [15] .
Several observational cohort studies have compared the risk of AMI associated with use of the IIa inhibitor dabigatran with that associated with use of VKAs but the results have been conflicting. One study identified a higher risk of AMI with dabigatran compared with warfarin in prior VKA users [16] , while others found a lower risk [17] [18] [19] or no difference [20] . In a recent phase IV study following the 1-year safety of patients using rivaroxaban, no increased risk of AMI was observed [21] . The Xa inhibitors, which were registered later than the inhibitors, are being used increasingly. However, up until now, there have been no cohort studies comparing the risk of AMI associated with the Xa inhibitors with that associated with VKAs. Therefore, the aim of the present study was to determine the risk of AMI in real-world patients with AF, using three different classes of antithrombotic agentDOACs (both IIa and Xa inhibitors), VKAs and aspirin.
Methods

Data source
We used data from the Clinical Practice Research Datalink (CPRD, www.cprd.com). The CRPD is the world's largest primary care database and contains the medical records of 674 primary care practices in the UK, representing 6.9% of the total population. Data recorded in the CPRD include demographic information, prescription details, laboratory tests, specialist referrals, hospital admissions, diagnoses and lifestyle variables such as body mass index (BMI), smoking and alcohol consumption. CPRD data have been shown to have high validity and completeness [22] .
Study population
The study population consisted of all patients ≥18 years of age with a CRPD datalink read code for their first diagnosis of AF during a patient's period of valid data collection. The index date for the start of follow-up was the date of the first prescription for VKA, DOAC or low-dose (<325 mg) aspirin.
Patients with prior AMI or with previous exposure to the drugs of interest were excluded. This was a new user design, with cohort entry defined as the date of first prescription identified between 18 March 2008 and 30 June 2014. Patients were followed from the index date to the end of data collection, date of transfer of the patient out of the practice, death or the first record of AMI recorded in the CPRD, whichever came first.
Exposure
Patient follow-up time was divided into 30-day intervals in order to classify exposure time-dependently (Figure 1 ). In the UK, the median prescription length is 28 days. At the start of each 30-day period, we identified if a patient had had exposure to an eligible antithrombotic agent based on the start date of a prescription. Patients were defined as current users if they had a prescription in the 30 days before the start of a 30-day interval. If there were no prescriptions during this period, they were classified as a past user. All patients were current users of one of the eligible study drugs at the index date, and categorized into mutually exclusive exposure groups (VKAs, DOACs, aspirin or, if more than one treatment was used, they were classified as mixed users of more than one of the three main study drugs). The current user groups were categorized regardless of past use. Thus, a patient could have past use of a VKA but be a current user of a DOAC. Among patients who were not current users, past use was defined as past VKA, DOAC or aspirin use, and patients could contribute to more than one past user group in an interval. Thus, past user groups were not mutually exclusive.
Outcome
The primary outcome of interest was AMI [ST-segment elevation myocardial infarction (STEMI) or non-STEMI], defined using the UK Read code system.
Other variables
Potential confounders/risk factors were selected from the literature [23, 24] . The presence of risk factors for AMI was assessed by reviewing the computerized medical records for any such factors prior to the start of an interval. The following potential confounders were determined at baseline: gender, BMI, smoking status and alcohol use. Assessment of lifestyle variables (BMI, alcohol use and smoking status) were determined at the index date, and the most recent assessment of each, as recorded by the general practitioner (GP), was used. These variables were determined optionally by the GP, and a missing variable was created to account for those patients without a recording prior to their index date.
All of the other potential confounders that were considered in the present study were determined timedependently (i.e. at the start of each interval). These included: history of congestive heart failure, cerebrovascular disease, coronary artery disease, peripheral artery disease, ischaemic heart disease, acute or chronic renal failure, liver dysfunction or cancer. The following drug prescriptions, based on the start date in the 6 months prior to the start of an interval, were considered as potential confounders: lipidlowering drugs; antihypertensive agents such as calcium channel blockers, angiotensin-converting enzyme inhibitors, angiotensin II (ATII) blockers, diuretics, beta-blockers; antiplatelet drugs such as clopidogrel, prasugrel, ticagrelor, dipyridamole, concomitant use of other anticoagulant drugs (low-molecular-weight heparin or heparin), aspirin at analgesic dosages (≥325 mg); cardiovascular drugs such as antiarrhythmic drugs, isosorbides; antidiabetic drugs and insulin; analgesics such as cyclooxygenase-2 inhibitors and naproxen; strong cytochrome P450 (CYP) 3A4/Pglycoprotein (P-gp) inhibitors (azole antimycotics, protease inhibitors); Strong CYP3A4/P-gp inducers (carbamazepine, rifampicin).
Statistical analyses
Crude incidence rates of outcome were calculated and represented as events per 1000 person-years. Cox proportional hazards models (SAS 9.2, PHREG procedure, SAS Institute, SAS campus drive Care, North Carolina 27513) estimated the risk of AMI with the use of DOACs, aspirin or mixed use vs. VKAs.
Figure 1
Diagram of exposure definition demonstrating a hypothetical patient case. The classification of exposure is identified at the start of every 30-day period and is as follows: current use (patient with exposure in the previous 30 days from the start of a 30-day interval) or past use (patients whose last exposure was >30 days from the start of a 30-day interval). Note that all patients were current users of one of the eligible ACs at the start of follow-up. AC, anticoagulant; Rx, prescription Potential confounders were included if they independently changed the beta-coefficient for current anticoagulant exposure by at least 5%. In all analyses, current users of VKAs were used as the reference group. Sensitivity analyses were performed according to gender and to the CHA 2 DS 2 -VASc score, a clinical prediction rule for estimating risk of stroke in AF patients. This score was calculated at baseline and time-dependently (at the start of each period). CHA 2 DS 2 -VASc score groups were defined as: high (CHA 2 DS 2 -VASc score ≥4), medium (CHA 2 DS 2 -VASc score >1 and <4) or low (CHA 2 DS 2 -VASc score ≤1). In the case of missing data, an indicator was included in the statistical analysis.
Scientific approval
The study protocol was approved by the Independent Scientific Advisory Committee for the Medicines and Healthcare products Regulatory Agency database research, protocol number 14_121.
Results
Study population and follow-up
Following the inclusion and exclusion criteria, we identified 30 146 new users (Table 1) of DOACs (n = 1266), VKAs (n = 13 098), low-dose aspirin (n = 15 400) or mixed users (n = 382) at the index date. The DOACs were rivaroxaban (71.6%) and dabigatran (28.4%).
The characteristics of the study population are presented in Table 2 . The follow-up time was about 1 year for DOAC and about 3 years for VKA or low-dose aspirin users. The mean age was approximately 72 years and 50-60% were male. There was a balanced division of CHA 2 DS 2 -VASc score categories among the three groups of DOAC, VKA and lowdose aspirin users: 25% had a low score (≤1), 25-30% a high score (≥4) and the remainder a medium score (>1 and <4). This distribution of antithrombotic use was not in line with the guidelines for use of antithrombotic agents for stroke prevention in AF [25, 26] .
Current or past antithrombotic use and risk of AMI Table 3 shows that the risk of AMI was doubled when we compared current use of DOACs with current use of VKAs [adjusted hazard ratio (adj HR) 2.11; 95% confidence interval (CI) 1.08, 4.12]. A similar increase was observed among current users of aspirin vs. current VKA users (adj HR 1.91; 95% CI 1.45, 2.51). The risk of AMI was increased when we compared past use of aspirin with current VKA use (Table 3) .
When stratified by gender, an increased risk of AMI was observed among current users of aspirin both in men (adj HR 1.60; 95% CI 1.10, 2.33) and women (adj HR 2.33; 95% CI 1.55, 3.50). No other exposures were significantly associated with AMI (Table 4) .
We also stratified current users by CHA 2 DS 2 -VASc score at the index date. When stratified for high score (≥4) compared with current VKAs users, a significant increase in AMI risk was observed in current aspirin users (adj HR 2.21; 95% CI 1.37,3.55), while among patients with a medium score (>1 and <4), we identified an increased risk in current users of DOACs (adj HR 2.67; 95% CI 1.11, 6.40) and aspirin (adj HR 1.82; 95% CI 1.23, 2.68). More results are shown in Table 5 .
Discussion
The study showed that, among patients with AF, the risk of AMI was doubled for current users of DOACs and aspirin vs. current users of VKAs. The higher risk of AMI was also significant for past users of aspirin vs. VKAs. After stratification for gender, the risk remained significant only for users of aspirin. After stratification for stroke risk by CHA 2 DS 2 -VASc score, the risk of AMI remained significantly increased for high risk (score ≥4) aspirin users and medium risk (score >1 and <4) DOAC and aspirin users compared with current users of VKAs.
Our results differed from the randomized controlled Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET AF) trial with rivaroxaban vs. warfarin (risk of AMI: HR 0.81; 95% 0.63, 1.06) [3] but were in line with the randomized controlled RE-LY trial with dabigatran vs. warfarin (risk of AMI: HR 1.38; 95% CI 1.0,1.91) [2] . A major weakness of these clinical trials is their limited external validity. They do not reflect a real-life population, as patients with AF currently using these drugs have a different risk profile to patients seen in daily clinical practice. A recent study showed that about two-thirds (51-68%) of the patients with AF recommended for anticoagulation in the UK, identified by the Clinical Practice Research Datalink, met the inclusion criteria of the randomized controlled trials for DOACs [27] . With age and gender being equal, we also observed important differences in a number of characteristics of the population in the Myocardial infarction with VKAs, aspirin or DOACS clinical trials compared with our patient population: about 17% of patients had prior AMI (both in the RE-LY and ROCKET-AF studies) while we excluded prior AMI; more patients had congestive heart failure (about 60% and 32% in the RE-LY and ROCKET-AF studies, respectively) while this was the case in 5-10% of our patients; 20% and 35% of patients, respectively, used concurrent aspirin while our patients did not; and patients in this study populations had a different stroke risk (CHA 2 DS 2 , a clinical prediction rule for estimating stroke risk in AF patients, score 3.5 and 21. respectively), compared with a CHA 2 DS 2 -VASc score of 2.4-2.6 in our study. Moreover, the time that patients on warfarin spent in the therapeutic range was different, or unknown, in these studies: 64% of the time in the RE-LY study, 55% of the time in the ROCKET-AF study and not known in the present study.
In addition, the results from cohort studies may be driven by the selection that is made with regard to patients and the prescription of anticoagulant medication. The published cohort studies investigating the same topic, from the USA and Denmark, all compared dabigatran with warfarin [16] [17] [18] [19] [20] . By contrast, our patients used mainly rivaroxaban (71.6%), the most frequently used DOAC in the UK, with only 28.4% using dabigatran. Apart from the difference with regard to the DOACs used, there was also a difference in patient selection between our cohort and the other cohort studies. Our results on the increase in AMI risk associated with DOACs vs. VKAs were in line with those in the observational study of Larssen et al. [16] , although in their study patients were prior VKA users, while all of our patients were new users. Moreover, 24% of the patients in their study had suffered prior AMI. Our results were not in line with Patients were classified as mixed users if they used more than one of the three study drugs. Current use: exposure to antithrombotic agents was based on use in the 30 days before the start date of each 30-day period; past use: discontinuation of treatment for > 31 days. Adjusted for the following variables: age, gender, BMI, alcohol status, smoking status, antihypertensive use, congestive heart failure, statin useAMI, acute myocardial infarction; CI, confidence interval; DOAC, direct-acting oral anticoagulant; HR, hazard ratio; IR, incident rate; PY, per year; VKA, vitamin K antagonist a Statistically significant difference compared with past VKA use, according to the Wald test (P < 0.05) b Cells supressed due to <5 events those of Lauffenburger et al. [18] , who reported a lower risk of AMI in Medicare patients taking dabigatran; however, both age (lower) and stroke risk (higher) were substantially different from those in our population and some patients in their study had suffered prior AMI. Compared with the present study, Villines et al. [17] reported a lower risk of AMI in non-Medicare patients with no economic barriers to care; their patients were older and had a higher stroke risk compared with our study, and about 20% of them had coronary artery disease. Compared with the present results, Larsen et al. [19] reported a lower risk of AMI in VKA-naïve patients; the differences between their study and ours were: >10% of their patients had had a prior AMI and they had a much lower stroke risk. Our results were also not in line with the study by Graham et al. [20] , who reported no difference between DOACs and VKAs in the risk of AMI; patients in their study were substantially older than those in the present study and 17% were also using antiplatelet drugs. In none of these observational studies, or in our study, was the extent of the therapeutic range of anticoagulation with VKAs (the gold standard), known and therefore we do not know the extent to which suboptimal anticoagulation with VKAs influenced the results.
We identified a similar increased risk of AMI among current and past aspirin users in comparison with VKAs. This was an interesting finding as, to our knowledge, there have been no previous reports of increased AMI among AF patients receiving aspirin. Previous AF guidelines have recommended aspirin for thromboprophylaxis for those not considered to be at high risk of AMI [25, 26] . In contrast with these guidelines, we observed that many of the medium-or highrisk patients in our population (CHA 2 DS 2 -VASc score >1; CHADS 2 score ≥2) were treated with aspirin monotherapy, and that many low-risk patients were treated with VKAs or DOACs. This pattern of inadequate anticoagulation of AF patients has been reported previously by several authors (e.g. Ben Freedman et al. [28] ). The usefulness of aspirin in AF has also been called into question [28] , and new guidelines no longer include this agent [26, 29] .
In addition to those already identified, a couple of additional limitations should be mentioned. Regrettably, the number of events was not sufficient to analyse separately the risk of AMI associated with dabigatran and with rivaroxaban. We therefore were unable to differentiate between the impact of anti-IIa vs. anti-Xa oral anticoagulants. Our results were different to those of the meta-analysis by Loffredo et al. [14] , who found that myocardial infarction significantly increased with patients treated with the anti-lla DOAC and not with the anti-Xa DOACs. We had no information about possible comedication with over-the-counter drugs (such as nonprescription aspirin).
Although we were able to include lifestyle factors that are important for AMI, we note that there were some limitations to these data. BMI, alcohol intake and smoking status are not always recorded by the GP, so we did not have complete information for all patients. However, we included an indicator variable for missingness, to ensure that all patients were included in the final model. Moreover, we acknowledge that alcohol intake and smoking status can be underestimated. However, we did not observe significant differences across the exposure groups, and therefore do not believe that this would have had a large impact on our final conclusions.
Our study had several strengths. Our study used population-based data, resulting in high external validity. All participants were extensively clinically characterized, which allowed us to take a large number of potential confounders into account. We used a new-user design, exposure to covariates was taken into account timedependently and we excluded patients with prior AMI. Our study was the first to report on the risk of AMI associated with DOACs in comparison with VKAs, including both the Xa inhibitor rivaroxaban and the IIa inhibitor dabigatran, and of the risk of aspirin vs. VKAs in patients with AF.
In regard to the possible pharmacological mechanism involved, it seems possible that VKAs have an effect on the pathological conditions affecting angina pectoris and therefore also have a protective effect against AMI [30] . DOACs (at least rivaroxaban) and aspirin therefore might have a lesser protective effect against AMI compared with VKAs. It has previously been established that VKAs have a protective effect against AMI, but the results of the present study strongly suggest that this is not a class effect of 'oral anticoagulants'.
In conclusion, our cohort study identified a twofold increase in the risk of AMI when using DOACs, rivaroxaban or dabigatran, in comparison with VKAs, in AF therapy in real-world patients. In addition, our results showed that in AF patients, the risk of AMI with current use of aspirin as monotherapy is higher than with current use of VKAs. VKAs probably have greater beneficial effects on AMI than DOACs. Ongoing research is needed as the use of DOACs increases in the population.
